hep-ph/0509125 



Using SU(3) Flavor to Constrain the CP Asymmetries in 
B —> PP, VP, VV Decays involving b — > s Transitions 

Qh' Guy rW'Q 

<D ; 

1 Department of Particle Physics, Weizmann Institute of Science, Rehovot 76100, Israel 



C/3 



Abstract 



We use the approximate ST/ (3) flavor symmetry of the strong interaction to put bounds on the 
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£S) . CP asymmetries in b — ► s decays of the B® and B^ mesons. We extend the work of [l( to include 



0^ | all relevant B — > PP, P — ► VP and P — > VV decays. We obtain the strongest constraints from 

O ' 

JO ■ current data, and provide a list of SU (3) relations which can be used when future data is obtained. 
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I. INTRODUCTION 



This work concerns the CP asymmetries in two-body b — > s decays of B mesons: 

r(B°(f) -» /) + r(B»(() -» /) 

For a final state / which is a CP eigenstate, the CP asymmetry is time dependent, 

A f {t) = -C f cos(Am B t) + S f sin(Am B t) , (2) 
while for a flavor specific final state the CP asymmetry is time independent, 

A,(t) = A f . (3) 

In the standard model, the b — > s transition amplitudes are naively dominated by a 
single weak phase. A contribution from a second weak phase is CKM suppressed by order 
0(X 2 ). Consequently, the corresponding CP asymmetries are naively expected to fulfill 
—rjfSf ~ S^k s and Cf, Af ~ up to order of a few percent. A deviation from those 
expectations can serve as a signal for new physics while an agreement with them would 
imply yet another success of the standard model. 

The word "naively" is used here for a reason. While the CKM suppression factors are 
well known, the amplitude also depends on hadronic matrix elements for which there is no 
fundamental theory which is proven to a high level of precision. In order to estimate the 
allowed deviation of the CP asymmetries from the naive expectation within the SM, one 
needs to calculate these hadronic matrix elements (or at least, the ratios between them). 



In this work we follow the method of [l| and use the approximate SU(3) flavor symmetry 
of the strong interaction to bound the ratio between the relevant terms in the b — > s decay 
amplitudes. We extend the analysis of [lj to include b — > s decays in all two-body B — > PP, 
B — > VP and B — ► VV decays. Here, B stands for either B® or P stands for the pseudo- 
scalar meson nonet and V stands for the vector meson nonet. The inclusion of B — > VV 
modes requires some adjustment of the arguments in so that they will apply to the case 
of „o„- 8ing .e flna. state (similar in spirit to QQ). The currently avaUab.e experimental 
values of the CP asymmetries for these modes, taken from |4j , are collected into table IB 
(B -> PP), table M(B -> VP) and table WHICH -> VV). 

We do not consider here b — ► s decays of the B° s meson although the same method applies 
here as well. We do include, however, B° s decay modes in the theoretical decomposition to 



Mode 




Cf, ~A f 


B Q , -► riK s 






B° d ri'Kg 


0.50 ±0.09 


-0.07 ±0.07 


B°, -► vr K s 


0.31 ±0.26 


-0.02 ±0.13 


a 


n/a 


0.115 ±0.018 


B+ -► ??^+ 


n/a 


0.33 ±0.12 


5 + - r/if + 


n/a 


0.031 ±0.021 


vr+K° 


n/a 


0.02 ± 0.04 


P+ - 


n/a 


-0.04 ± 0.04 



TABLE I: Measured CP asymmetries in B — ► PP, b — > s decays. 



B° d - 

Bl 
B° d - 
B° d ~ 
B° d - 



Mode 
-*<t>K s 

► p-£T+ 

♦ if* ?/ 

► if* 7T 



~Vf S f 
0.47 ±0.19 
0.63 ± 0.30 

n/a 
n/a 
n/a 
n/a 
n/a 



Cf, -Af 
-0.09 ±0.14 
-0.44 ±0.23 



-0.17 



-0.16 
1 -0.15 

0.01 ± 0.08 



o m +0 - 26 

0.05 ±0.14 



B+ - cf>K+ 
B+ -+ uK+ 
B+ - 

B+ - V 



n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 



-0.037 ±0.050 
-0.02 ±0.07 



-0 31+ - 11 



-0.03; 



-0.10 
-0.11 



0.093 ± 0.060 
-0.04 ±0.29 



TABLE II: Measured CP asymmetries in B — ► VP, 6 — > s decays. 
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Mode 






d 


-> 4>K*° 


n/a 


0.00 ±0.07 


^d 


-> ujK*° 


n/a 




"d 


o°ir* 


n/a 




B° - 

^d 




n/a 




K 


-> </>!<:*+ 


n/a 


-0.05 ±0.11 


Bi 




n/a 




B+ 




n/a 


0.14 ±0.43 


si 




n/a 


-0 20+ - 29 



TABLE III: Measured CP asymmetries in B — > VV, b —* s decays. 



ST/ (3) invariant amplitude. We also comment on several one-to-one amplitude relations 
between specific B® and B® decays usually due to the U-spin subgroup of SU(3). 

Using SU(3) has two weaknesses. First, this symmetry is broken by effects of order 
m s /A XSB ~ 0.3. The bounds we obtain can therefore be violated to this order. Second, 
our method often provides only a (conservative) upper bound on the deviation and not an 
estimate. The actual deviation can be substantially lower than our bounds. The advantage 
of our method, on the other hand, is its hadronic model independence. Thus, methods that 
use the approximate symmetries of the strong interaction are complementary 

to methods employin g d irect calculation of hadronic matrix elements within factorization 
related schemes J EmI 11, 3- 

The structure of this work is as follows: In section |H] we review the formalism relevant to 
the use of SU(3) in constraining the CP asymmetries in b — > s transitions and comment on 
the strategy of this work. Section ITLTl is divided into three subsections dedicated to B — > PP 
( subsection IIII A|) . B — > VP ( subsection IIII B|) and B VV ( subsection IIII C|) decays. For 
each decay mode we give the SU(3) relation which leads to the strongest constraint currently 
available. We also provide a list of additional relations for each mode and argue that, in 
the future, one of those relations is likely to provide the strongest bound. We conclude in 
section IIVI For readers who are only interested in the current strongest constraints on the 
CP asymmetries, we summarized our results in this section. In addition, we give the details 
on how to derive the SU(3) reduced matrix elements relations in appendix El and provide 
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the resulting decomposition of all physical modes in three tables. We also quote the current 
available experimental branching ratios for all relevant modes in appendix [Bj 



II. FORMALISM 

In this section we provide a short review of the formalism and introduce the notation 
relevant to the use of SU(3) symmetry in b — > s decays We also provide further 

comments on several relevant issues. 

We consider a B — > / decay process involving a b — > s transition, and write the decay 
amplitude as 

A f = Ka c f + Ka}. (4) 

We use the compact notation A*' = V* b V qq i. 

In the context of this work, writing the amplitude as in eq. (jlj) has two important merits: 
First, the parameters we use have definite behaviour under CP conjugation. In the conju- 
gate decay process B —> f, the CKM factors get complex conjugated while the aj terms 
remain unchanged. The CP asymmetries can be therefore related in a simple way to those 
parameters. Second, in this way of writing we isolate the approximate SU(3) invariant part 
of the amplitude, the strong factors ai, from the explicitly SU(3) breaking ones, the weak 
CKM factors. 

The difficulty in interpreting the CP asymmetries lies in the fact that there is no fun- 
damental theory for calculating the a 9 j parameters. Those are essentially hadronic matrix 
elements which involve non-perturbative calculations of the strong interaction. The effect 
of these hadronic parameters on CP asymmetries, however, can be encoded, for each decay 
process, into a single object jl[ 

For a final state / which is a CP eigenstate, the observed CP asymmetries are given, to first 
order in by 

— rjf Sf — sin 2/? = 2 cos 2/3 smjTZe^f , (6) 
C f = -2 sin 7 Tmf/ . (7) 

Combining the two relations © and (j7J) we have 

[(-77, S f - sin 2(3)/ cos 2/f + C) = 4 sin 2 7 I0| 2 ■ (8) 
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For a final state / which is flavor specific, the CP asymmetry —Af is given by the same 
formula (JJJ). 

SU(3) relations provide a way to constrain and therefore constrain the CP asymme- 
tries. Owing to the approximate SU(3) of the strong interaction, the a 9 j parameters can be 
expressed using corresponding parameters of b — > d decay processes, 



f 

where the bp enters the B — > f decay amplitude 



(9) 



A f , = \ d c b c fl +\ d u b u 



f 



(10) 



Typically, for any mode / there are many possible relations of the form ©. Finding the 
various coefficients Xf is the main topic of this work. 

Once a relation of the form is established, we can use the X//'s to define 







v v 



v, 



ud 



r 



A 



f 



< 



V u . 



ud 



E\Xf\vB( B ^n 



'B (B f) 



(11) 



If experimental data yield an upper bound on ^ in the range between A 2 and 1 is positive 
by definition), a constraint on is implied: 

6 + A 2 



101 < 



i-0 



(12) 



In fact, if we use the charge averaged branching ratios in ()11|). (and correspondingly replace 



the \J2fXfAf\ with J | J2f x f A f \ 2 + \J2f X fAf\ 2 and the \A f \ with ^\A f \ 2 + \A f \ 2 
in the definition for £) the constraint on can be slightly stronger than ()12)) . depending 
on the value of the weak phase 7 Keeping a conservative path, we take the worst case 
scenario and make no assumptions regarding 7. 

Current experiments give no data on the relative phase of the various decay amplitudes. 
Since we wish to obtain an upper bound on £f, we must make use of the triangle inequality 
and add the terms in (fTT|) with an absolute value. While this method indeed guarantees 
that we obtain an upper bound (assuming SU(3)), it also has the potential of weakening 
this bound considerably. 

Using this formalism, therefore, the best prospects for obtaining a strong constraint on 
the CP asymmetries lies in those amplitude relations which involve the smallest number 



of modes. In this work we follow this logic and present relations with up to three modes 
involved. Currently those relations do give the strongest available constraints. 

We stress that when we calculate from we use either the experimental bound on 
the branching ratio B(B — > /'), if only a bound exists, or the central value, if an actual mea- 
surement exists. The fact that we use central values can, potentially, somewhat strengthen 
£f. Being conservative in other respects we do not consider this to be a significant issue. 

In B — > VV decays, the measured CP asymmetry and branching ratios represent a 
sum over three possible final states with distinct orbital angular momentum configuration, 
namely I = 0, 1 or 2. Since all B — > VV decays with b — > s transitions are flavor specific, 
the only relevant CP asymmetry is -4./- As was explained in detail in , an extension of 
the same method can be used to constrain the CP asymmetry obtained in the case of a sum 
over several final states. 

Since here there are only three final states we write the expression explicitly. We consider 
the three amplitudes 

Af',1 K«j :l ■ K«J:I- (13) 

with I = 0, 1 or 2. The modified parameter 



IAS 


1 ^ f' 0^/' ^ 


/;ljf;l ' U /;2 u /;2 


|A*| 




a /;0 


2 1 
+ 


a /;il 


2 1 
+ 




2 



(14) 



enters the CP asymmetry in the same way as before: 

A f = 2 sin7Jm£/ . (15) 

As can be seen, when there is only a single final state, ()14|) reduces to (|5)i. 

Taking B (B -> /O) in (JTTJ) to indicate a sum over the branching ratios of the three final 
states, we find that is constrained by the relation given in eq. (fT2"j). Thus the same 
formalism can be applied to the multiple final states B — > VV. 

It is worthwhile noticing the special case in which there is a relation between a single 
b — > s mode and a single b — > d mode. Besides being a good candidates for giving the 
tightest bounds, if there is a measurement, such a relation may allow for actual extraction 
of the hadronic terms and their relative phase from three observables. 

To be specific, consider that, for a CP eigenstates /, we have the relation 

a) = b), . (16) 
7 



If we measure the rate BiB — > /), and the two CP asymmetries Cf and Sf, we can predict 
the rate BiB — > /') and the CP asymmetries C// and Sf (given that CKM factors are 
known). For example, in many cases, the U-spin subgroup of 577(3) gives such a relation 
between and B° s decay. When accurate experimental data will be available, this idea can 
be used to predict the expected decay rate for various B° s decay mode, within the SU(3) 
symmetry approximation. 

Our last comment for this section concerns the issue of rt — rf and d> — uj mixing. In this 

n 

work, as was done in we do not assume SU(3) to be an approximate symmetry in the 
f] — r]' and (ft — u mixing. Instead, we use the phenomenological description of the mixing and 
apply SU (3) relation to each component individually (although, for rj-rj' mixing the S77(3) 
breaking is small enough that one could just use SU(3) straightforwardly and identify r\ = r/ 8 
and rj' = rji). In this way we are able to apply SU(3) symmetry to decay processes without 
assuming SU (3) symmetry in the masses. 

While there is still room left for better theoretical understanding, we make in this work a 
distinction between the physics governing masses and mixing and the physics which governs 
decays. A large breaking effect in the masses does not imply by itself a similar breaking in 
decays. It is possible that, for some unknown reason, large SU(3) breakings in the decays 
do occur, but currently no data suggest this to be the case. 

III. RESULTS 

A good way to obtain the SU(3) relations in the form of © is to write all decay processes 
using SU(3) invariant matrix elements. In appendix El we give full details how this is done. 
We also provide the result of the calculation in the form of three tables which are relevant 
to any possible two-body decay of a B meson into pseudo-scalars and vectors. The tables 
we obtain match those in []] and are extended to include B® modes. 

Using the tables it is next possible to find amplitude relations between physical modes. 
In what follows we do exactly that for all b — > s process. 

A. B —* PP modes. 

There are eight b — > s decay modes involving final states with two nonet pseudo-scalars. 



S 



1. B Q d ^ r]K° and rj'K 



These two decays were specifically studied in We provide here an update of experi- 
mental data as well as additional comments. 
We use f] — t]' mixing of the form 

7] = T)t sin 6 W + r] 8 cos 9 W , 

(17) 

rj = rji cos 9 m > - rj s sin Q m > . 

We take Q m > = 20° to be the mixing angle jl^ . 

According to our framework, in order to derive the amplitude relations for — > r/^K 1 , 
we need to discuss separately B® — > r]iK° and B® — > i] s K°. The 5° — > r^f^ relations are 
simpler and can be obtained from table II VI There is a single relation involving just one 
amplitude 

a9 B°-> Vl K0 = ^bo^ko ■ ( 18 ) 

There is one relation which involves two modes (neither involves B®) 

a l°^ m K0 = V^V'MS ~ \^2 b B^ m ^ ■ ( 19 ) 

There are no relations involving three amplitudes or more. 

The B® — > rjgK relations are obtained using table There are two relations involving 
just one amplitude. They both involve a B° s decay: 



a 



9 



Ko^ , (20) 



a B^nsK0 = y^^BO^OKO ■ ( 21 ) 

Combining relations (fTSj) and (j2*U|) we get the U-spin relations which, for the physical rj 
and 7]', imply 

a B°^ V K° = b B ^ V KZ ' ^ 

We now demonstrate the power of such single amplitude relations. We consider the rela- 
tion (J23J) . Using the three measured observables j^f , S B o^ v , Ks , C B o^ v , Ks and B(B^ — > rfKs), 



1 Note that by definition we have £b^>xK° — iB^xK s ■ 
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together with the CKM parameters Q| , we solve for the hadronic part of the amplitude. We 
use the SU(3) relation to calculate the expected values of the observables in the B® — > r/'Ks 
decay. We get 

SaS^rfKs ~ -0-46 ± 0.29 , (24) 
Cbs^Ks* +0-18 ±0.11, (25) 
2 B(B° 8 -> rj'Ks) « (29 ± 18) x 10~ 6 . (26) 

The resulting distribution is not normal. The factor of two in (J26|) is due to the K mixing. 

Going back to listing the relations, there are two relations involving two amplitudes. One 
of them involves B° s and is of less interest here. The other is 

aq B°-> V8 K° = ^ K^K+K- ~ ^ b B°->*°x° • ( 27 ) 

Thus, the most "economical" relation is obtained from combining (|19|) and (|27|): 



a B«^ri'K° - /q b B°-,K+K- + ^ & B°-+7r%° + C 2 S V3 (? S & B o_^y 



(28) 



r/ 
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~ 71 ~~ 71 6 W + ^2^ s ~ ^ b k-w ' 

where we use c = cos 0^/ and s = sin W / . 

Substituting the coefficient from the relations (|2*Hj) in (fTTj) . and using the experimental 
branching ratios, we get 

Ibo-h/jco < 0.17 , (30) 

which means using f!12l) 

|&o-**o| <0.26. (31) 

A bound on C,b^qK" cannot be obtained since the branching ratio for this mode is only 
bounded and not yet measured. We therefore have no knowledge on how small the denomi- 
nator in (JTTJ) is. We can, however, use the relation (|2HJ) and write the bound on £,B°^r)K° as 
a function of this branching ratio: 

10 



(29) 



We note that already at the current upper bound, B(B® — > r]K°) < 1.9 X 1CT 6 , we get a 
rather weak bound on £b°-+t)K°- 

Interestingly, SU(3) relation can give some information on B(B^ — > i]K°). We write the 
following relation between b —> s amplitudes 

1 



a 



i — „i 



a B ,-,-K°K ■ (^) 



Combined with r\ — rf mixing we get the relation 

a B° d -+ V K° = taI1 a Bl-^ n >K° + /o nna n a B°^7r0K0 • ( 34 ) 

The complex phase between the two amplitudes on the RHS of eq. (jHIJ) is not determined 
by experimental data, and therefore no exact value for the B® — ► r)K° amplitude can be 
obtained. However, we can use the relation to obtain the bounds 

0.66 x 1(T 6 < B(B° d -> r]K°) < 25 x 10" 6 . (35) 

We therefore conclude that the branching ratio is expected to within a factor of 3 of the 
current experimental bound (see eq. (jBljl ). 

There are nine relations involving B® — > f]sK° with three other amplitudes, but two of 
them involve B° s decays and we do not show them. We list the remaining seven relations and 
the implied constrains on ( b »^(')ko. The constrains are obtained by combining each relation 
with ()19j) and rotating to physical modes. We do not give here the explicit expression in 
terms of physical states which can be easily obtained by substitution. (One should take 
care, though, to properly normalize final states with two identical mesons. See appendix [X] 
for details.) 

a l^ Vs K0 = ^ h B^K+K~ + ^ h B+^+^ ~ ^ b l° d ^+n- ' 



0.96 



^ - °- 18 ' ^ ko - y/w x m ~* W) 



(36) 



l B°->r,8K° - ^ & Bg-M»i» y 3 b B° d -+K°K° ^Q b B d ^K+K- 



L^ko<0.17, Lo^ko < ViQ6 = =j=| = = , (37) 
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1 11 



0.95 



^ K0 < 0.18 , £ B o_^ < -j= = == = == 



(38) 



0.65 



a 



€b°->ti'K < 0.17 , £b°-*t)K° — 7= „ /nn = ? 

d d a/10 6 x /3(73° -> 



(39) 



1.20 

€b°-* v 'K° < 0-17 , £b°,-, v ko < 7= = , (40) 



1.45 

^o^o<0.18, ^^o<^=__==, (41) 



9 _ 7,9 _i_ ^ L<? _|_ ifl 

a B°^ Vs K° ~ 4 °B°^7r°7T° + 2v /2 °B^r, 87 rO + 4 °B°-,r, 8 r, 8 ' 

0.67 

=► 63-**. < 0.17 , ^, A . J <^=_=. (42) 

As can be seen, there are several relations which give similar bounds on £. Typically, the 
value of £ for these relations differ in the next significant digits, which were rounded here. 
Relation (|4*2"|) is the one which was used in 1]. Indeed, using the available experimental data 
at the time |l| was written, relation (|42|) gives a slightly stronger bound compared to the 
relation (|2*7)l . We can see by comparing the bounds in (|50|) and (f3~2"|) to the ones in the list 
above, that the naive expectation that "the fewest modes the better" is not unreasonable. 

Using this way of presenting the relations, it is easy to foresee how future improvement in 
experimental data would impact the bound. In particular, there is yet room for considerable 
improvement of the bound if the branching ratios B(B® — > 7777), B(B® — ► rji]') and B(B® — > 
rj'rj') will have a stronger constraint. As a demonstration, if all three are below the 1 x 10 -6 
level, this would imply £,B°-+rfK° < 0.09. 
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2. B+ -» r]K + and B+ -> r/'K+. 

The results here update and extend the results in jlj]. As in the previous section, a 
separate SU(3) analysis is required for _3+ — > i]iK + and _3+ — > i] 8 K + . The former has a 
single relation: 

a 9 R+ K+ = b q R+ + . (43) 

For the latter, there are no relations involving just one amplitude. The relations involving 
two modes are 



q ja 1 7 q 

a B+^r, 8 K+ ~ B+-+*°n+ ~ ~^ °B+^K+K^ 



£b+-**+ < 0-02 , i B ^ vK+ < 0.24 , (44) 



2 

q 7 q hfl 

a B+^ m K+ ~ °B+-, m n+ _ V 3 B+^K+K* 



i B ^ v 'K + < 0-03 , i B± _> vK+ < 0.50 , (45) 



a 



q — _____ \S 



Vs ia i 



=► 4+wx + <0-03, 0.43 . (46) 

Note that ()46|) is a linear combination of (jH)) and ()45|l. 

There are six relations involving three modes but only two of them do not involve B° s \ 

a B+^r m K+ = ^ K^+k- ~ ^ ^-.^ _ ^ h B+^K+KZ ' 

=► 4+^x + <0.02, | Su+ ^ + < 0.28 , (47) 



=>► 4+wx + <0.03, | B +_^ + < 0.48. (48) 

As was the case in the strongest constraint on i B +^ rj , K + (and on £b+__ > „_k-+) comes 
from the relation (jH| (It is slightly stronger than (|47|l): 

\Zb*-^k4 < 0.05 , (49) 
|^k+|<0.38. (50) 

Note that since £_■+_».„/#+ < A 2 the upper bound on \i B +^ ri , K + \ in (J4T?|) . is simply A 2 . 
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3. B® — > 7t°K°. 

The amplitude of the B% — > ir°K° decay is related by SU(3) to the amplitude of the 
b — > s transition — > r/s-^° 

a B°-»7r°i<r° = ^ a B°-^riaK° ' 

As a consequences, the SU(3) relations can be read off relations (J2U|) . (J2T}, (j2Zj) and (jHEJ- 
(I42|) . For example, a one amplitude relation is read off (J21)) : 

Using the experimental values of S B o_+ n o K o, C B o_^ n o K o and B(B® — > 7i°K°) we can solve for 
the hadronic parameters and obtain an estimate for the B® — > ir°Ks observables: 

Sso-^fiKs ~ -0-67 ± 0.27 , (53) 
Cso^fiKs « +0.12 ± 0.12 , (54) 
2 B(B° 8 -> tt K s ) « (11 ± 12) x 10~ 6 . (55) 

The single relation involving two amplitudes without B® decay is read off ()27|) : 



a B d ^w°K0 - ^B°-*K+K- b^o^o^ ■ (56) 



This relation gives the strongest constraint 

Ibo^o < 0.09 , (57) 

which results with 

le^o^ol <0.15. (58) 
The other relations give far weaker constraints. 

4. B° d -K-K+ 

A single amplitude relation due to U-spin involves a B° s mode: 
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Three amplitude relations involve two modes, but only one does not involve a B® mode: 



i B o^- K+ < 0.12 , (60) 



giving 



l&jo^r-tf+l <0.19. (61) 

There are six relations involving three amplitudes, but only two do not involve a B° s 



mode: 



v2&j3j}->7r°7r° b B0^K-K+ + V ^B+-> 7 r°7r+ ' 



1*3-**-*+ < 0.27 , (62) 



IbS^-at + < 0.35 . (63) 



Clearly (and reasonably), the relation (J60|) gives the strongest bound. 
5. -» vr+K° 

A single one amplitude relation due to the U-spin subgroup gives, as expected, the 
strongest constraint 



a B+-,n+K0 ~ 

which leads to 



b q — 

U B+^K°K+ 



\Cb^, + ko\<0.05. 



4,t^+*o < 0.05 , (64) 



(65) 



In principle, whenever a single amplitude is involved in the calculation of £f, a lower bound 
on \£f\ can be placed as well as an upper bound. However, since here Cb+^tt+k ~ A 2 the 
lower bound is actually zero. 

A weaker bound is obtained from the single two amplitudes relation 



b q 

2 B+-^J7 87 r^ 



h q 

2 4Vr+ ' 



tBi-^K* < 0- 21 • ( 66 ) 
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Three relations involve three amplitudes but only one does not involve a B s mode 



This relation gives a still weaker bound. 



Wxc< 0.23. (67) 



6. B+ -» vr°iC+ 



Three amplitude relations involve two modes 



a 9 



u,!-W>* + = ^-^+ - yl b lt^K + > < 0.32 , (69) 



= + y > Lt-^o K+ < o.2i . (70) 

The relation ()70|) is a linear combination of and ()69|) . Two out of six relations involving 
three amplitudes do not involve modes 



4 u W^ + <0.23, (71) 



1 1 /3 



4,W'a- + < 0-23 . (72) 



The strongest bound (JH%J) implies 

|e« t ^ + |<0.31. (73) 
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B. B -^VP modes. 



The are sixteen b — > s decay processes in which one final meson belongs to the vector 
nonet and the other belongs to the pseudo-scalar nonet. The method of calculation is 
generally similar to the B — > PP case but using the appropriate tables of reduced matrix 
elements (with table IVT1 taking the role of table EJ- We consider the relevant amplitude 
relations and the resulting constraints below 



1. B -> <f>K° and B -> uK° 
The uj — (f) mixing is given by 



1 , 2 



(74) 



We need to discuss both B — > (f>iK° and B — > Since, similarly to T]i, <pi is a singlet 

of £77(3), the same ££7(3) relations obtained from table HVI hold. We can therefore simply 
adapt the single relation (fTTJj) : 

Turning now to the B® — > 08-^° mode, the single relation involving two amplitudes and 
five out of the six relations involving three amplitudes, involve B® modes. The remaining 
single amplitude with three amplitudes which does not involve B° s modes is 

a B d ^<t> 8 K° = ^ b B° d ^sV8 ~ \^2 b B^K^K° ~ ^K^^ ' ( 76 ) 

Combining (|75|) and (|7fi|) we obtain 

a q B °^ K o = bq B o^ K o ~ ]fl blo^o + \/| cos 9 W h ln ~ \Zf sin 6 W h w , ^ 
a l^K° = ~ \/f bq B °^ K ° ~ \/| + \/f cos d W b ln ~ \j\ sin 6 W h li ■ (78) 



Unfortunately, a constraint on B(Bj — > 7\"*°7\"°) is currently not available. As a consequence, 
a constraint on |^o^^o| and \£b -hI>k \ cannot be obtained. In fact, it can be shown that 
any amplitude relation for B® —>■ 4>gK° must involve at least one of the modes B^ — > K* + K~ , 
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B° d -> K*~K + , B Q d -> K*°K° or B Q d -> iT* ^ . As long as the branching ratios for these 
modes remain unknown, no bound can be obtained. 

We can, however, write £ B o^ 6K o and £b°-*ujk as a function of the missing branching 

d ^ d 

ratio. We get 



&jo_^o < 0.21 + 0.08 a/ 10 6 x 0(^0 -> K*°if°) , (79) 



£b°-u,*<> < 0-31 + 0.07 y 10 6 x £(5° -> K*°iT ) . (80) 
2. B+ -> and -> 

The relation for — > 4>iK + can be read off (jlHj) . There is a single amplitude relation 

al + , K+ = b q R+ . , . (81) 
For —>■ (f>&K + we find three relations involving two amplitudes: 

a B+-^ 8 K+ y 3 °B+- +P D W + y 6 ' 

=► 4,t^x + <0.26, | B +^ic+< 0-31, (82) 



q rO J 3 jo 

a B+^4> 8 K+ ~ °B+^ 8 n+ ~ y 2 B+-*K*>K+ ' 



< 0-22 , | B +_ Ml>x+ < 0.36 , (83) 



a 9 



<0-29, £ B +^ + <0.28, (84) 



The relation (|84|) is a linear combination of ()82|) and (JS3J). Those relations are similar to 
relations (EHl)- (TO. 

As was the case in |l|], relation (J8*3j) gives the strongest bound on \£ b +^k+\ which cur- 
rently implies 

|£b+-^* + |<0.34. (85) 
Relation (jHH) is the one that gives the strongest bound on I^b+^k+I which implies 

l£ B +^ + l< 0.46. (86) 

There are no amplitude relations involving three modes. 
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3. B 



o 



.0 ^0 



p [) K< 



The single relation that involves two amplitudes, involves B® modes. Out of the six 
amplitude relation that involves three amplitude, only one does not involve B° s modes: 



l B° d ->fflK° 



(87) 



Similarly to B° d -> <j)K° and B® -> uiC, the fact that the branching ratio B{B® -> if* ^ ) 
has not been measured yet, prevents a bound from being obtained. At least one of the four 



modes B° d -> K*+K~, B° d -> K*-R + , B° d -> AT*°A: or 5° -> if* ^ , must be measured in 
order for a bound to be placed. 

We can write the resulting constraint as a function of the missing branching ratio: 



£ B o o K o < 0.32 + 0.07 a/10 6 x -> K*°K°) . 



(88) 



4. B° d ^p-K^ 



We note first a single amplitude U-spin relation 



a B ,^p-K+ ~ U B°,^K* 



bio • (89) 

On a more practical ground, we find a single amplitude relation involving two modes 



a B^ P -K+ u B^p , 



6ln ^ ^0^^*-^+ • (90) 

a 

B(B d — > K*~ K + ) is needed in order to place a bound from eq. (J90|) . or, more generally, at 



least one of the four modes B° d -> K* + R-, B G d -> K*~K + , B° d -> if* ^ or 5° -> if* if is 
needed. 

As a function of the missing branching ratio we get 



£b°-+ p -k+ < 0-34 + 0.07 i/lO 6 x £(52 -> K*-R+) 



(91) 



5. B+^p°K- 



Three amplitude relations involve two modes 



- h q + h q 

2 B+->A-*°A:+ ^ B+^p°7T+ ' 



e B +_ p o^ + < 0.49 , (92) 
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a q 



u\ -,n< ^ V 2 + ^W-*^ ' 6tf->pP*+ < 0.55 , (93) 



a %t^K + = l bQ Bi^ + + Vi 6 W^ ' ^°*+ < 0-34 • (94) 

Relation (|94|) is a linear combination of (J92j) and (|93j) . The strongest bound (J94j) implies 

|^ p o x+ |<0.61. (95) 

6. B+^p+K° 

The branching ratio B(B^ — > p + K°) has currently only an upper bound. As a conse- 
quence, no bound on |Cb+-» p +k I can ^ e placed. We list here the amplitude relations that 
will become useful once this branching ratio is measured. 

A single one amplitude relation is 

The branching ratio B(B+ — > K* + K°) has not been measured yet. 
There is a single relation involving two modes: 

/3 fl 

a B+^p+K° - y 2 B+-> P +% ~ v 2 V-P+^° ' 

1.66 

There are no amplitude relations involving three modes. 

Considering the upper bound on B(B% — > p + K°), a strong bound can still result. 

7. B Q d -» and £° -> iT* 7/ 

The branching ratio B(B® — > K* Q rf) has currently only been bounded. As a consequence, 
a bound on |£b°- k k'*V I cannot be placed. 

The relation for B® — > K*°i]i can be read off ()19j) : 
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A single relation for B® — > K*°i]g involving two amplitudes, and five out of six relation 
involving three amplitudes, involve B° s modes. The one additional relation involving three 
amplitude is 

3 , / 3 , „ / 1 



a B^K*° m - Y 2 6 ^S-^s»» V 2 b B^K*0R0 y 2 & BO^pO^ • (99) 

Since £>(.B° — > -fT* .^ ) has not been constrained yet, no bound on |£b -»K"*°?jI and |Cb°-*k*vI 
can be currently obtained. At least one of the four B d — > modes is required for a bound. 

We can write the resulting constraint as a function of the missing branching ratio. Since 
B(B® — > K*°T]') has not been measured we only have 



£b°-,k-.o„ < 0.14 + 0.06 yiO 6 x B(B° d -> i^ if ) . (100) 
5. -> K* + r/ and 5+ -> 2T+f/ 

B(B+ — > K* + T]') has not been measured yet and therefore |Cb+-+k-*+j,'I cannot be bounded. 
The single relation for — > K* + i]i can be read off (|43|) : 

a 9 R+ _ = 6* , . (101) 

For £> + — > K* + r] 8 the relations are equivalent to P^jl - ptjj) : 

1 .„ 1 



B+^K*+ m ^ B+-+p+ir° U B° d ->K*+K° ' 1 U ^ 

a k+^* +??8 = vf 6 W*° - ^ 6 W* • (104) 

Relation (|104|1 is a linear combination of (|102|) and f)103j) . 

Since B(B+ — > i^*" 1 "^ ) has not been bounded yet, the only useful relation currently 
is fling) . We get 

1 37 

< 0-26 , fn+_>K-.+„» < ; , (105) 

^-K+i,- + " " ^106 x £(£?+ -+ K*+r/) V ' 

which gives 

\Z B t-.K*+ v \ < 0-42 . (106) 
At the current upper bound of B(B+ — > K* + rj') the constraint on £, B +^ K * +r} , is already not 
very strong. 
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9. B° d -► K*°tt° 

There is one amplitude relation involving two modes and six amplitude relations involving 
three modes. The only relation, however, which does not involve modes is 

Once more, since B(B d — > K*°K°) is not bounded, no bound on \£ b o^ k ,oko\ is attained. 

d 

Again, at least one of the four B d — > K*K already mentioned must be bounded in order for 
\£,b ^k*°k°\ to be bounded. 

d 

As a function of the missing branching ratio we can write 

i B °^K*w < 0.46 + 0.12 yj 10 6 x B(B° d -> K*°K°) , (108) 
which seems to give a rather weak bound in any case. 

10. Bjj K*+ir- 

We first note a U-spin relation involving one amplitude (with a B° s mode): 
There is a single relation involving two amplitudes 

a B° d ^K*+7r- = b B° d ^p+7r- ~ b B°^K*+K- ■ ( 110 ) 

There is no relation involving three modes (or four). At least one of the four B d — > K*K is 
needed. Since B(B d — > K* + K~) is not bounded, \£,B° d -^K*+-K-\ is n °t bounded currently. 
As a function of the missing branching ratio we can write 

i B °^K*+*- < 0-32 + 0.06 y^O 6 x B(B° d -> K*+K~) . (Ill) 
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11. B+ -> iT+Tr 1 



Three amplitude relations involve two modes (similar to (|92 p — ()94| ) ): 

a B+^K*+ir° = \[^ b9 B+^K*+KZ + h B+-,p+^ , ( 112 ) 
D,\ -K'+ifl = "V 2 6 B+-i^*+X0 + ^ 6 B+-.p+„ 8 > ( 113 ) 



a q 



a Bi^K^ = \ + V I 6 • ( 114 ) 

Relation f)114j) is a linear combination of (jll2j) and f)l 13j) . 

Since B(B+ — > has not been bounded yet a bound comes only from (jll4|) : 

ist-K^ < 0.45 , (115) 

which implies 

|£ B +^. +7r o| <0-91, (116) 
A single U-spin relation involving one amplitude gives 



a 



i 

B+->K*°n+ "B+^K*°K+ 



K + ^, + , =► {^rv < °- 16 • ( 117 ) 



A single relation involving two amplitudes is 

°W-iW = )/| 6 k^-/| 6 W^' 4+^ + <0.30. (118) 

There are no other relations. 

As expected, the strongest bound is obtained from ()117j) 

|£ B +-> W |<0.25. (119) 

C. S -» modes 

The relations for b — > s transitions in P — > yy decays can be read off the P — > PP 
relations by a direct substitution. The only additional difference is that the 77-77' mixing 
should be replaced by the mixing with a different mixing angle. 

Currently, only four b — > s B — > W are measured (the other four are only bounded). 
We present below the details. 
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1. B»^ 0K*° and B a d 

The relevant relations are those that correspond to the relations in section UlI A II How- 
ever, the relation equivalent to (|19j) involves the mode B d — > 0108 which, by mixing, involves 
B(B% — > uu), B(B d — > (pu) and B(B d — > 00). Only the latter have been currently bounded 
and therefore no bounds on \£,b°^4>k*°\ or \£,b°->uiK*°\ result. 

We can express the constraint as a function of the missing branching ratios. Since only 
B(B d — > (f)K*°) is currently measured, we only consider this mode. The most useful relation 
is the one corresponding to relations (}4*2*|) which gives: 

< 0.15 + 0.03 JlO e x B(B° d -+ ujuj) , (120) 



2. B+ -> 0K*+ and B+ -» wif* 

The relevant relations are those corresponding to the ones in section IIII A 21 Due to the 
different mixing, the strongest bounds on \Cb + -*6k*+\ anc ^ \^B + -*uK*+ 1 both come from the 
relation which corresponds to (f4*%|) . Since B(B+ — > uK* + ) has only been bounded, we get 

£b+-+u>k*+ < L53 . (121) 

Already at the current upper bound of B(B+ — > ujK* + ) a useful bound on l^+^^+l does 
not result. 



For £?+ — > 4>K* + we get 



which leads to 



< 0-41 , (122) 



|£ B +_^* + |<0.78. (123) 



3. B° d -» p ^* 

The relevant relation correspond to the ones in section HTTP 



the actual relation can be therefore read off the ones in section IIII A 11 
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Since B(B® — > p°K*°) is not measured yet, we cannot give an explicit bound here. Had 
the branching ratio been measured, the strongest bound would come from the relation 
corresponding to (JHS|) : 

2.04 

cro_.„o^*o < — . . (125) 

d ' ~ ^10 6 x B{B\ -+ p°K*°) 

Already at the current upper bound of B(B^ — > p°K*°) a useful bound does not result. 



I B° d ^p-K*+ 

The relevant relations correspond to those in section IIII A 41 Again, since B(B% — > 
p~K* + ) is not measured yet, no bound on \£,b°-+ p -k*+\ can t> e attained. Had it been mea- 
sured, the strongest bound would have come from a relation corresponding to (|63|) 

L ^ p - Rt+ - TP x ippp p-k* + ) • (126) 

5. B+^p+K*° 

The relevant relations are those corresponding to the ones in section UlI A 51 The strongest 
bound comes from a relation corresponding to (J64|) : 

|^ p +k*o|< 1.44. (127) 

6. B+ -> p°K*+ 

The relevant relations corresponds to those in section UlI A 61 The strongest bound comes 
from the relation corresponding to (fTOj) which gives 

|^ p o^ + |< 1.02. (128) 

IV. SUMMARY 

We summarize the constrains on the various |£b_^|'s obtained in section lTTTl For B — > PP 
modes, the only mode which is not measured yet is B d — > t]K°. For the other modes we get 
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the following bounds 



<m 

(|5%1> 
dZSJ) 



For S — > VP modes we have three modes which have not been measured yet and have 
only an upper bound: B% -> K*°r]', B+ -> p+fT and 5+ -> #*+?/■ The £g -> VP modes 
are unbounded due to the lack of bounds on various B d — > IT^i^ modes. We therefore write 
£ for these modes as a function of the missing branching ratios. We get the following results: 





-tT)'K° 


< 0.26 , 


IfnO 




< 0.15 , 




n~K+ 


< 10 




-*rfK+\ 


< 0.05 , 




->r)K+\ 


< 0.38 , 




*n+K°\ 


< 0.05 , 






< 0.31 . 



£b°->k*W < 0-46 + 0.12 a/10 6 x B(B° d -> 



^o^o < 0.21 + 0.08 ^/10 6 x £(5° fT* ^ ) 



£b°-^x° < 0-31 + 0.07 a/ 10 6 x - , 

Lo^KO < 0.32 + 0.07 a/iO 6 x B{B° d -*K^K°) , 
Ibo^-^ < 0.34 + 0.07 Jl0GxB(B° d -+K*-K+) 



£b°-+k*°t, < 0-14 + 0.06 a/10 6 x £(5° -> K*°K°) 



(Hi 

dHOJ) 



< 0.32 + 0.06 a/10 6 x B(B° d -> 



(dOOD 

dm) 
(mu 







< 0.34 , 




-*u>.R'+ 


< 0.46 , 


IW- 




< 0.61 , 


!£b+- 


^K"+ri\ 


< 0.42 , 


!£b+- 


K* + TZ°\ 


< 0.91 , 


!£b+- 


K*°7T + 


< 0.25 . 



(ESI) 
dSSD 

mi 

(EH 



26 



For B — > W modes there are four modes which are still to be measured. Those are 
B° d -> cuTP , 5° -> p ^* , 5° -> p-^*+ and fi+ -> cj^*+. For the other modes we get 



^b»-^*o < 0-15 + 0.03 WIO 6 x £(E° -»■ cjcj) , jnOJ) 



ie B +_^ + i<o.78, 

|^ P+ ^o| <1.44, (H2ZD 

|^+-. P o^ + |<i.02, JI2HJ 

All our constraints on the CP asymmetries in b — > s transitions agree quite well with the 
observed CP asymmetries. Some constraints cannot be currently obtained. First, there are 
all the b — > s modes which have not been measured yet and are only bounded. Obviously, 
a measurement of those is also needed if CP asymmetry is to be measured. Second, all the 
B® — > VP modes require a bound on some B d — > K*K branching ratio. The most useful 
K*K mode is different for each B® — ► VP mode. Third, the CP asymmetry of B% — > <pK* 
(and Bj — > uK*°) require a bound on the branching ratios of B® — > ujuo. 
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APPENDIX A: OBTAINING 517(3) RELATIONS 

A simple way to obtain all SU(3) relations is to use tensor methods. In this appendix 
we give the calculation details. The results agree with the tables in jl] with the addition of 
B s modes which we include here. 

We write the singlet and octet pseudo-scalar and vector mesons as SU(3) tensors of the 
appropriate rank 

Pi = m, (Ai) 



ml 
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(A2) 



(A3) 



/ 1 n° 4- 1 



(V* 



\ 



K* 



The B mesons form a triplet of SU(3): 



P 

mP ^ ./ 



V2 



V6 



K 



*o 



K* + 
K*° 



(A4) 



(B 



3)i 



Bi B» J3° 



(A5) 



We combine the b — > d and 6 — > s Hamiltonian operators into three rank 3 tensors 



/ /n n n\ 



((^ 









(\ d q 0^ 

Ag 

A^ 



^ 0^ 

A* 
A! 



((1*30 




A^ 

v \K 

' f 0^ 

3A^ 



\ 
















K 



V 



3A* 



/ 



3A^ 



V 





-2A« 
-Xi 











/ 



3A* 








-A! 







-2A 



where A^ 



(A6) 



(A7) 



(A8) 



V* b V qq > and q can be either u or c. 
The effective Hamiltonian is obtained by contracting in all possible ways the Hamiltonian 
operators with the meson tensors. We next proceed and show how this is done for the relevant 
final states. 



1. B -» PiPg, P 1 V 8 , V!P S and V X V S 

In all the cases of B — ► PiPg, BiVg, ViPg and ViVg, the combination of meson representa- 
tion is always an octet. The effective Hamiltonian is therefore obtained by considering the 



28 







A% 

6 


A"! 






— 1 


— 1 


1 

1 


D + 


-» r?i-fi 


3 


1 


1 


B°- 


-> rjiw 


2 V5 


v 


o 


B° a - 


-» ?M8 









B° d ~ 
B° d - 


-» r;i7r 
-» »?i»78 


5 

V2 


1 


1 

1 


B+ - 


-> r;i7r+ 


3 


1 


1 


B°- 




-1 


-1 


1 



TABLE IV: SU(3) decomposition of B -» 5i M 8 . 

following contractions 

H eff = {BzUHl^ (S 1 ) {M 8 )) 

+ A%(B 3 ) i (H«yi(S 1 )(M 8 ) k j (A9) 
+ (B s )*(fl?)? (5i) (M 8 )J , 

where both 5 and M can stand for either P or V and it is understood that q is summed 
over q = u, c. The coefficients A q ^, A q ^ and are the reduced matrix elements and can 
have, as far as the SU (3) analysis is concerned, arbitrary values. 

We point out, for clarity, that there are other ways to contract the indices in (|A9J) . For 
example we can change the i and j indices in Hq and Hi 5 . However, one can easily check that 
all other possible contractions give the same coefficients as the three that already appear 
in (|A9|) and therefore contribute to physical processes in the same way. There is, therefore, 
no need to consider them. 

Expanding the effective Hamiltonian (jA9|) we arrange the resulting numerical factors in 
table IIVI For concreteness we list the B — > PiPg case, but the three other cases can be 
obtained by simple substitution. We do not list the CKM factors in table HV1 since they can 
be easily understood. For example, the P+ — > i]iK + decay amplitude is obtained from the 
effective Hamiltonian term 

Bi Vl K + [X s c (3 Af 5 + A% + A*) + K (3 AJf + A u § + )] . (A10) 
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2. B P 8 P 8 and S -> VsVs- 

There are six ways (i.e. six representations) to combine two octets into SU(3) invariant 
tensors: 

(All) 
(A12) 
(A13) 



{T** N ) = 


(MX (Ns)l 


> 


(rpMN\i 
l J 8s )j — 


\ ((M s y m (N 8 


)T + (NsY m (Ms)T)~ 1 -(T 1 MN )S} } 


(rpMN\i 
\ 1 8a )j — 


l - ((M s y m (N 8 


)? ~ (MO™ (M 8 )T) , 


(rpMN\ 

Jijk — 


l - {(Ms)T(Ns) 


qe kmn + (Ms)f(Ns) n k e imn + (M 8 )?(iV 8 )?e 



]mn 



(A14) 



(A15) 



+ (M 8 )f(N 8 )]e imn + (M 8 )f(N 8 ^S kmn + (M 8 )? (N 8 )% S jmn ) , 

{T MNy jk = 1 ( { M 8 y m (N 8 y n e kmn + (M s y m (Ns) k n e mn + (M 8 ) k m (N 8 y n e> mn 

+ (M 8 ) k m (N 8 )ie imn + (M 8 y m (N 8 y n e kmn + (M 8 )l(N 8 ) k n e^) , 

(T 2 T)% = \ {(M 8 )i(N 8 )i + (M 8 %(N 8 )i + (M 8 )i(N 8 )i + (M 8 )i(Nsy k ) 

- ^ (si(T 8 T)i + si(T^ N y k + si(T 8 ^ N )i + (Aie) 

- ^ OW + sjsi) (if") . 

Here both M and A" stand for either P or V. 

When M = N, as in the i? — > Ps-Ps and B —>■ V 8 V 8 case, the only non zero tensors are 
(T™), (T 8 f M ) and (T 2 ^ M ). Contacting them with the Hamiltonian operators and the B 
triplet we write 

H eS = (BzUHlst (T^% + Cf s (B,UHl,t (T 8 T)* 

+ Ci(B 3 y(Hiy k l (TsT) k , (A17) 

+ Cf s (BMHlYu (T 8 T) k j + C q l (B 3 ) l (Hl)f ( Tl MM ) ■ 

Again, M stands for either P or V, and the index q is summed over q = u, c. As before, 
there are other ways to contract the indices, which are equivalent to the ones we present 
and therefore redundant. 

The numerical factors are given in table We write the mesons for the B — > P 8 P 8 case 
while the B — > V 8 V 8 case is obtained by simple substitution. One should note that if the 
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° 27 °8s °8s °8s ° 1 


B° -» K° m 
B° 


4 a /fi 1 1 1 „ 

5 v/6 s/6 v/6 
12 x/2 1 1 1 n 
V2 s/2 v/2 

±£ -1 110 

o 


B+^X+TT 

B+ _> x+ r? 8 
B+^K°n+ 


16 \/2 3 1 1 q 
5 v/2 v/2 \/2 
8 v/6 /3 1 1 n 
5 V 2 v/6 VTi 

-| 3-110 


B°^K°K° 
B° -> X- A"+ 
B° -» 7r°7r° 

B s ° -» % 7T° 

B° -> J7 8 J7 8 

B° ^TT- 7T + 


"I "3-1 | 2 
f 1 1 | 2 
y/2 v/2 

-Sv/3 4 2 n n 

o ^ v/2 
-§ 2 -| 2 

5 3 


B° -> K- K+ 
B° ^7r°7r° 

-Bd 1818 


"§ -3-1 i 2 

-§ 2 -1 2 

13\/2 v/2 x/2 v/2 /o 
5 2 2 6 VZ 

U v/3 v/3 v/3 U 
3v/2 1 1 \/2 . /o 
5 6 VZ 

fill 2 


T-,-1- T^-J— 

BJ — > K u 

B+ -» 7T° 7T+ 
— » »?8 7T + 


— | 3-110 
4\/2 
^ v/6 -/§ ^ 


S _> X- 7T + 


12 v/3 i i i n 

5 V2 s/2 v/2 U 
4 y/6 1 1_ 1_ g 

5 v/6 \/6 v/6 

f -1 110 



TABLE V: SU(3) decomposition of B -> M 8 N 8 . 

amplitudes are to be related to physical decay rates in a consistent way, an additional factor 
of a/2 needs to be introduced by hand for final states which contain two identical mesons, 
such as 7T 7r° or r] 8 r] 8 , due to the different phase space. Such a factor was introduced in the 
table. 
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3. B - P 8 V 8 . 

Setting M = P and N = V, all six invariant tensors (|A11)) - (|A16|) are now non zero. We 
write the fully contracted Hamiltonian by adding the necessary terms to (jA17j) 



ni _ 7-i<jl5 / R \ / Tjq \ jk (rpPV\il _j_ 77«?15 ( r> \ ( ttQ \ji (rpPV\k 

+ Ef s {B,UHl) 3 k l iT 8 P s v ) k 3 

+ Eg (BsUHiyj (O* + E* (B 3 um)f (tD 

+ Ef 5 (B 3 UH! 5 )i k (TZhUe) ml1 + Ef a (5 3 ) i (^ 5 )f (T 8 p a v ) k 
+ E* (B 3 UHl)i k (T PV Y lm (s) jkm + E£ {B 3 UH«yi (T[ s v ) k 
+ Ell{B 3 ) i {Hl)%{T£ a v ) k . 



Again q is summed over q = u, c and we do not write other possible contractions which 
contribute in the same way. The numerical factors are given in table IVII 

APPENDIX B: EXPERIMENTAL DATA 



We collect in this appendix the current experimental data j4|. All branching ratios are 
given in units of 10~ 6 . Since we only list B^ and B® branching ratios, the identity of the 
decaying meson is self evident. 

1. B —y PP, b — > s modes 



B{r}K°) < 1.9 , 



(Bl) 



B(r}'K°) = 63.2 ±3.3 , 
B(n°K°) = 11.5 ± 1.0 , 
B(tt-K + ) = 18.9 ±0.7, 



(B4) 



(B2) 



(B3) 



B(r]K + ) = 2.5 ±0.3 , 
B(r]'K + ) = 69.4 ±2.7 , 
B(ti K + ) = 12.1 ±0.8 , 
B(n + K°) = 24.1 ± 1.3 . 



(B5) 



(B6) 



(B7) 



(B8) 
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2. B -► PP, 6 -► d modes 



5(7777) < 2.0 , (B9) 

8(7/7/) < 10 , (BIO) 

8(7/77) < 4.6 , (Bll) 

B(7rV) = 1.45 ± 0.29 , (B12) 

^(tt+tt-) = 5.0 ± 0.4 , (B13) 

£(777t°) < 2.5 , (B14) 

8(7/71-°) < 3.7 , (B15) 

B(K°K°) = 0.96±g;|| , (B16) 

B(/r+jr) = 0.0518$ , (B17) 

/3(r77r + ) = 4.3 ± 0.4 , (B18) 

B(rfn + ) = 2.53lg;» , (B19) 

B(7r°7r + ) = 5.5 ± 0.6 , (B20) 

B(K°K + ) = 1.2 ± 0.3 . (B21) 



3. P -► VP, 6 -► s modes 



8(0K°) = 8.3±i;g , (B22) 

/3(cjK°) = 4.7 ±0.6 , (B23) 

8(p°^°) = 5.1 ± 1.6 , (B24) 

B(p-K+) = 9.9±i:« , (B25) 

B(K*°r]) = 18.7 ± 1.7 , (B26) 

B{K*°r]') < 7.6 , (B27) 

/3(ir°7r°) = 1.7 ±0.8 , (B28) 

B{K* + 7i-) = 11.71^ , (B29) 
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B(<f>K + ) = 9.031°;! , (B30) 

B(ujK + ) = 6.5 ± 0.6 , (B31) 

B(p°K + ) = 4.23lg;p , (B32) 

B{p + K°) < 48 , (B33) 

B(K* + rj) = 24.3+3- , (B34) 

B{K* + r]') < 14 , (B35) 

i3(ir + 7r°) = 6.9 ± 2.3 , (B36) 

B(K*\ + ) = 10.8 ± 0.8 . (B37) 



4. B -► VP, b -► d modes 



i3(0r^) < 1.0 , (B38) 

< 4.5 , (B39) 

i3(07r°) < 1.0 , (B40) 

8(^77) < 1.9 , (B41) 

B{ujt]') < 2.8 , (B42) 

B(lotv°) < 1.2 , (B43) 

B(p ?7) < 1.5 , (B44) 

B(p°r]') < 4.3 , (B45) 

B(A°) = 1.83±8:« , (B46) 

i3(p + 7r-) = 24.0 ± 2.5 , (B47) 

B(p-7T + ) = 24.0 ± 2.5 , (B48) 

B(K*°K°) < Not measured yet , (B49) 

B(K*°K°) < Not measured yet , (B50) 

B(K* + K~) < Not measured yet , (B51) 

B(K*~K + ) < Not measured yet , (B52) 
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fi(07T + ) < 0.41 , (B53) 

B(ujn + ) = 6.6 ± 0.6 , (B54) 

B{p\ + ) = 8.71};? , (B55) 

B(p + V ) = 8.lll;I, (B56) 

< 22 , (B57) 

B(p+n°) = 10.8+1;| , (B58) 

B(K^K + ) < 5.3 , (B59) 

B(K* + K°) = Not measured yet . (B60) 



5. B -► VV, 6 -► s modes 



£(0iT°) = 9.5 ± 0.9 , (B61) 

i3(cjiT ) < 6.0 , (B62) 

B(p°K*°) < 2.6 , (B63) 

B(p-K* + ) < 24 , (B64) 

B{4)K* + ) = 9.7 ± 1.5 , (B65) 

i3(cjiT + ) < 7.4 , (B66) 

B(p°K* + ) = 10.6l|| , (B67) 

B(p + K*°) = 10.6 ±1.9 . (B68) 
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6. B -> VV, d modes 



< 1.5 , (B69) 

£>(co>u;) < Not measured yet , (B70) 

B{4>uS) < Not measured yet , (B71) 

B(p°p°) < 1.1 , (B72) 

S(pV) = 26.2+|6 ; ( B73) 

B(<j)p°) < 13 , (B74) 

B(ujp°) < 3.3 , (B75) 

B(K*°K*°) < 22 , (B76) 

B(K* + K*-) < 141 , (B77) 

B((j)p + ) < 16 , (B78) 

B{up + ) = 12.6^;° , (B79) 

S(pV) = 26.41^ , (B80) 

B(K*°K* + ) < 71 . (B81) 
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